The economic draining of crude oil from depleted oil reservoir with high water cut has been the oldest problem with significant impact on production cost of crude oil and post production effluent treatment technology to meet the environmental guidelines. This paper deals with in-situ reduction of produced water in high water cut porous rock formation of Upper Assam to reduce the amount of potential pollutant and maximise the crude oil production. When partially hydrolysed polyacrylamide with suitable cross-linker are injected into the core samples of a depleted oil field with varying degree of hydrolysis and molecular weight, gels are retained in the pores and permeability decreases. Polymer gels behaviour in porous medium as diverting or blocking agents to shut off the water producing layers is expected to deliver increasing oil production in the matured fields.
INTRODUCTION
Excessive water production is needed to avoid, minimize or delay to reduce the wastage of reservoir energy, occurrence of corrosion, scale deposit problem, etc., which ultimately results in higher operating costs, severe productivity loss and lower economic reserves. The problems of occurrence of water cut are complex in nature when several mechanisms of water invasion are active simultaneously. Moawad (2004) and Bedaiwi, Al-Anazi, Paiaman (2009) has recognized the mechanism of excess water influx into the well as water conning, regional rise of the water oil contact, presence of high permeability layer, and fractures that connect the aquifer to the well. Gawish (1996) found out the potential causes of water production as casing failure or the leak behind the casing due to weak cement layer or the channeling behind casing, perforation in the aquifer and barrier breakdown during stimulation. The flow of water through porous medium to the wellbore in separate paths than the in-situ flow channels are considered for primary water control. The reservoir heterogeneity, differing permeability and club of fractures and fracture network hinder the crude oil recovery during water flooding operations (Liu, Bai and Wang, 2010) , (Jain, McCool, Green, Willhite and Michnick, 2004) , (Grattoni, Al-Sharji, Yang, Muggeridge and Zimmermani, 2001) (Yadav, Mahto) . Seright (2003) and Moore (1989) used the strategy for diagnosing and solving excess water production problems by calculation of Productivity index to confirm the presence of fractures and/or other high-permeability anomalies. Reservoir heterogeneity causes low oil recovery and early excess water production in porous rock (Liu, 2006) . Macroscale heterogeneity often results in very quick water breakthrough and very low recovery of hydrocarbon than microscale (Thomas and Bennion, (97) (98) . The techno-economics of water shut off is supported with proper identification of the water that actually offering hindrance to the crude oil production. Co-production of water along with crude oil during the late stages of production in the life of water flood is not realistic to avoid as it will cut down the crude oil production. Water shut off is under strong consideration to contain the sources of water that actually competing with the crude oil production. Water abatement strategy needs the identification of nature and intensity of the problem before occurrence of the high WOR as the timely application of water control measures are able to reduce the excessive water production. High WOR is obvious in depleted porous rock and evaluation of remaining amount of hydrocarbon in the vicinity of the well justifies the treatment methods. Early identification of the fluid flow pattern around the wellbore highlights the potential causes of water production.
Oil and gas wells of Upper Assam basin is producing with increasingly high water cut. The system study of the polymer consists of chromium acetate/partially hydrolyzed polyacryalmide (Seright, Gillete and Wyoming, 1999) , (Willhite and Pancake, 2008) or poly-ethyleneimine/copolymer of acrylamide and t-butylacrylate (Eoff, Dalrymple, Everett and Vasquez, 2006) with varying degree of hydrolysis and molecular weights (MW) as part of WSO application for conformance control in the selected porous rock of Upper Assam.
It has been recognized that organic or inorganic cross-linked partially hydrolysed polyacrylamides (PHPA) gel is an effective means of recovering a fraction of the remaining oil in porous media. WSO gels on investigation by Steady or Dynamic Shear measurement extract the time requirement to form the 3-D structure, gelation parameters, gelation time, activation energy (Broseta, Marquer, Blin and Zaitoun, 2000) , (Prud'homme, Uhl, Poinsatte and Halverson, 1983) . Most of the wells of Upper Assam oil fields have been abandoned due to 100% water cut are potential to revive with water shut off systems by PHPA gel with cr 3+ , Al 3+ and organic cross-linker by measurement of gel elasticity with elasticmodulus calculation method (Laurent, Janmey and Ferry, 1980) . The toxicity of the polycraylamide is within the nonharming range of the environmental impact and several investigations in porous formation suggest effective reduction in water permeability more than that of oil by the use of polycrylamide polymer/gels (Albonico, Burrafato, Lullo and Lockhart, 1993) . The porous media of the Upper Assam fulfils the suggested criteria for water shut off by Reynold.
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and Kiker (2003) with wells already shut-in or at the end of economic life, residual oil saturation, high WOR, declining oil and flat water production, presence of active water drive, and reservoir heterogeneity.
This study tries to investigate the possibilities of using partially hydrolysed polyacrylamide to increase the recovered oil from the porous formation by impacting the fractional flow, reducing water mobility and by diverting the injected water to the non-invaded zone as it is chosen as an alternative to the solution of water shut off techniques (Riley and Peter, 1987) . The ratio of the mobility of water to the mobility of a polymer solution under the same conditions is also calculated (Jennings, Rogers and West, 1971 ).
EXPERIMENTAL STUDIES: Materials:
The porous medium was obtained from two wells of producing field of Upper Assam area from a depth of 2483-2487m and 2506-4504.50m. The acrylamide of A1399 molecular biological grade C 3 H 5 NO MW 71.08g/mol (otto, chemical, aiochemics-reagents) with minimum assay 99.0%, maximum limites of impurities chloride (Cl) 0.005%, sulphate (SO 4 ) 0.005%, calcium (Ca) 0.001%, Iron (Fe) 0.0005%, copper (Cu) 0.005%, manganese (Mn) 0.0005%, magnesium (Mg) 0.0005%, zinc (Zn) 0.0005%, DNases/ RNases not detected. Ammonium peroxodisulfate (Extra pure) (NH4) 2 S 2 O 8 >>98%, MW 228.20g/mol cholide (cl) <<0.002%,Heavy metals as Pb <<0.003%, Iron (Fe) << 0.001%, manganese (Mn) <<0.002%, residue on ignition (as sulfates) <<0.1% N,N,N / ,N / Tetramethylenediamine C 6 H 16 N 2 M.W 116.20g/mol were used as received. Properties of formation water samples collected from porous formation of Upper Assam area are analysed and depicted in Table 1 . The density, viscosity, pour point, API gravity of the samples was deterimined and is depicted respectively in Table 2 . The average molecular weight of polycrylamide used was within the range upto 10x10 6 g/mol.
METHOD:
Porosity and permeability measurement: Porosity of porous media was measured using TPI-219 Teaching Helium Porosimeter, Coretest systems. The basic principle behind the measurement is Boyle's Law which describes the relationship between the volume of a dry ideal gas and its pressure. The error estimated in porosity measurement is estimated around 5-9%. The measurements were performed several times for each porous media. The Air permeability (K air ) of various samples was calculated by Gas Permeameter, Vinci Technologies. The apparatus, using the differential pressure (ΔP), gas flow rate (Q) and core dimensions (L= length; A= area) calculated the value of permeability (K) using the formula: The cores under study were exposed to cleaning process using Soxhlet apparatus prior to measurement of porosity, permeability and pore volume in order to clean the porous sample from hydrocarbon, water and brine. The cores were dried for one day in an oven (70 0 C) and fully saturated with brine under vacuum for 24 hours at room temperature. A schematic diagram of the experimental set up for the study of core recovery is shown in figure 2.Subsequent flooding with HPAM and Cross-linked polymer gel (Cr 3+ ) were carried out to investigate the plugging abilities and reduction on permeability of the porous media.
Fig 2:
Schematic of core flooding experiment composed of pump, distilled water, oil, core holder or sand pack, accumulator used for polymer storage and pressure gauge or transducer to record injection pressure Results and discussion: Porosity and permeability measurement: A total of 5 numbers of core samples were studied for porosity measurement. The values of porosity for the Well A core samples ranges from 21.23% to 25.3% and the values of porosity for Well B core samples ranges from 22.7% to 23.33%.
The air permeability values obtained from 3 numbers of core samples of well A ranges from 0.41-0.48md and the air permeability values obtained for 2 numbers of well B core samples ranges from average 0.44-0.45d (Table 3) . From the values of K air , using Klickenberg theory, the values of liquid permeability (K liq ) were calculated. A relation between porosity and K liq was also drawn which shows that with increase in porosity, K liq also increases as shown in Fig.3 . 
Fig 3: Relation between K liq and porosity
Flooding experiments:
The pore volume was calculated based on the total volume of the core and its corresponding porosity. Two partially hydrolysed polyacrylamide (HPAMs) with molecular weight in the range of 1.7x 10 6 and 3.5x 10 6 were used for flooding the porous media. The degree of hydrolysis was in the range of 25-30%. Chromium acetate (Cr 3+ ) was used as the cross-linker. A measured amount of HPAM was slowly added to stirred water and then samples were stirred for 2-3 hrs until the HPAM dissolved in water. Under stirring, a specified amount of chromium acetate was added and the resulting solution was named as CLP. Core samples were kindly permitted from porous media of Upper Assam.
Water was injected into the core until the water cut reached 40% and then a specified volume of the HPAM or CLP solution was injected into the core. After the core was subsequently flooded with water until the water cut reached 98%.
After 0.05 PV, 0.10 PV and 0.15 PV of HPAM solutions and CLP permeability reduction was observed in the injected core sample, the incremental oil recovery values were 3.7%, 9.3% and 12.2% respectively, and as for the CLP solution, the incremental values were 6.8%, 13.6% and 17.4% respectively. However, % of permeability reduction was found in the range 30-50% and more was with CLP. Further analysis shows that the oil recovered by the HPAM solution was lower (4.1% to 6.2%) than that recovered by the CLP solution under the same displacement condition [ Fig.4 (a) ]. The considerable effect of both polymer and cross-linker concentration for enhancement of viscosity and gel strength are observed in fig 4(b) and fig. 4(c) . 
Conclusion:
Studies on the efficiency of polyacrylamide/chromium (III) gel polymer as water shut off system reveal it as a good candidate for increasing water permeability in the selected porous media with high potential for water production. Reviving production from declining oil fields of high water cut with cost-effective water shut off system has become a major focus of Assam Asset. A good numbers of polymer gels have been used worldwide to drain out oil from most complex unswept portion of the reservoir rock. Undrained oil production from the wells nearing the end of economic production due to high water cut is one aspect of implementation of polymer gel technology and considered as one of the effective measure for water shut off system which can significantly contribute to the production from the older, depleted oil fields of Upper Assam basin with negative impact on environmental degradation. The properties of PAMS with suitable Cr 3+ cross-linker are found to be suitable for crude oil recovery by chemically shutting off the water producing layers. It seems that increasing crosslinking concentration within specified ranges accelerate gel strength while gel strength decreases with excessive crosslinking. Gelation time can be controlled by adjustment of
